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HYDROSTATIC CONTINOUSLY VARIABLE 
TRANSMISSION WITH ADJUSTABLE CLUTCH 

VALVE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a hydrostatic contin 

uously variable transmission in which a clutch valve 
capable of operating between a clutch-on position for 
setting a hydraulic closed circuit to a hydraulic trans 
mitting state and a clutch-off position for setting the 
hydraulic closed circuit to a hydraulic transmission 
locking state is connected to the hydraulic closed cir 
cuit between a hydraulic pump and a hydraulic motor. 

2. Description of the Prior Art 
conventionally, as such a continuously variable 

transmission, there has been known, for example, such a 
type of transmission as is disclosed in Japanese Patent 
Publication No. 3208/1966. ‘ 

In such a continuously variable transmission, when 
the degree of a hydraulic transmission from a hydraulic 
pump to a hydraulic motor is controlled, the discharge 
amount of hydraulic oil from the high pressure portion 
of a hydraulic closed circuit is regulated by regulating 
the opening of a clutch valve by a clutch controller. 
However, if the viscosity of a working oil is varied by 
a temperature change, the discharge amount of the 
hydraulic working oil from the clutch valve is altered 
even if the clutch valve opening is not varied. Thus, 
there is a problem that the transmission ratio of the 
hydraulic transmission is varied. 

SUMMARY OF THE INVENTION 

The present invention has been accomplished with 
such circumstances in view and it is an object of the 
present invention to provide a hydrostatic continuously 
variable transmission of the type which can accurately 
control the degree of hydraulic transmission regardless 
of the viscous change of hydraulic oil. 
To accomplish the above object, according to the 

present invention, a hydrostatic continuously variable 
transmission is proposed in which a clutch valve is 
provided with a pressure receiving chamber for urging 
the clutch valve toward a clutch-off position upon re 
ceipt of the pressure of a high pressure portion of a 
hydraulic closed circuit and a pressure regulating spring 
for urging the clutch valve toward a clutch-on position, 
and a clutch controller capable of regulating a set load 
of the spring is connected to the pressure regulating 
spring. 
According to the present invention, in addition to the 

arrangement described above, a hydraulic continuously 
variable transmission in which a pressure regulating 
spring is constructed to increase its spring constant in 
response to the operation of a clutch controller toward 
a clutch-on position is proposed. 
According to the arrangement described above, the 

opening of the clutch valve is determined according to 
the magnitude relationship between the set load of the 
pressure regulating spring and the pressure of the pres 
sure receiving chamber introduced from the high pres 
sure portion of the hydraulic closed circuit. Accord 
ingly, when the set load of the pressure regulating 
spring is regulated by the clutch controller, the opening 
of the clutch valve is regulated in response to the pres 
sure of the pressure receiving chamber Thus, the dis 
charge amount of the hydraulic oil from the clutch 
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2 
valve can be accurately controlled regardless of the 
viscous change of the working oil. In this manner, the 
degree of the hydraulic transmission from the hydraulic 
pump to the hydraulic motor can be controlled as de 
sired. 
According to the second arrangement described 

above, the set load of the pressure regulating spring can 
be delicately regulated in the low spring constant range 
of the pressure regulating spring Accordingly, a clutch 
off control and a half-clutch engagement control can be 
accurately performed. Further, since the set load of the 
pressure regulating spring can be largely regulated in a 
high spring constant range, a clutch-on control and an 
overload avoidance control can be accurately achieved. 
Therefore, the operating stroke of the clutch controller 
for regulating the set load of the pressure regulating 
spring may be relatively short. 

Further, according to the present invention, there is 
proposed a hydrostatic continuously variable transmis 
sion comprising a hydraulic pump, a hydraulic motor, a 
hydraulic closed circuit between said hydraulic pump 
and said hydraulic motor, and a clutch valve connected 
to said hydraulic closed circuit and capable of operating 
between a clutch-on position for setting said hydraulic 
closed circuit to a hydraulic transmitting state and a 
clutch-off position for setting said hydraulic closed 
circuit to a hydraulic transmission cut-off state, wherein 
said hydraulic pump, said hydraulic motor and said 
hydraulic closed circuit are arranged on a transmission 
shaft, and said clutch valve provided at one axial end of 
said transmission shaft. 
According to the above arrangement, it is possible to 

relatively easily avoid interferences between the clutch 
valve and the hydraulic pump, hydraulic motor, hy 
draulic closed circuit and the like when the clutch valve 
is disposed. 
The above and other objects, features and advantages 

of the invention will become apparent from reading the 
following description taken in conjunction with the 
accompanying drawings 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings illustrate one embodi 
ment of the present invention, wherein 
FIG. 1 is a plan view of a power unit for a motorcycle 

having a hydrostatic continuously variable transmis 
sion, 
FIG. 2 is a longitudinal sectional view of the continu 

ously variable transmission, 
FIG. 3 is a longitudinal sectional view taken along 

line III-III of FIG. 2, 
FIG. 4 is an exploded perspective view of a portion 

of the continuously variable transmission, 
FIGS. 5 and 6 are sectional views taken along lines 

V-V and VI-VI of FIG. 3, 
FIGS. 7 and 8 are explanatory views of the opera 

tions corresponding to FIG. 6, 
FIG. 9 is an enlarged view of the portion IX of FIG. 

2! 
FIGS. 10 and 11 are longitudinal sectional views 

taken along lines X—X and XI-XI of FIG. 9, 
FIG. 12 is a longitudinal sectional view of a transmis 

sion controller, an eccentric wheel controller and a 
clutch controller of the continuously variable transmis— 
sion; 
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FIGS. 13 to 16 are explanatory views of the opera 
tions of the transmission valve in the transmission con 
troller, 
FIG. 17 is a characteristic diagram of the pressure 

regulating spring. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

The present invention will now be described by way 
of an embodiment with reference to the accompanying 
drawings 

Referring ?rst to FIG. 1, a power unit U for a motor 
cycle is comprised of an engine E and a hydrostatic 
continuously variable transmission T, and a crank shaft 
of the engine E and the continuously variable transmis 
sion T are contained to be supported in a common crank 
case 4. 
The continuously variable transmission T includes an 

input member 5 rotatably supported through a ball 
bearing 6 by the intermediate wall of the crank case 4. 
An output shaft 31 surrounded by the input member 5. 
The input member 5 and the output shaft 33 are dis 
posed in parallel with the crank shaft 1. The crank shaft 
1 drives the input member 5 through a primary trans 
mission R] and a primary torque damper D1, and the 
output shaft 31 drives the rear wheel (not shown) of the 
motorcycle through a secondary torque damper D2 and 
a propeller shaft 3. 

Referring to FIGS. 2 and 3, the continuously variable 
transmission T is comprised of a constant volume swash 
plate type hydraulic pump P and a variable volume 
swash plate type hydraulic motor M. 
The hydraulic pump P is composed of a pump cylin 

der 7 relatively rotatably supported by the inner periph 
eral wall of the input member 5 through a ball bearing 
11, a number of pump plungers 9, 9 - each slidably ?tted 
in each of an odd number of annularly arranged cylin 
der bores 8, 8 - provided in the pump cylinder 7 around 
the center (or axis of rotation) thereof, and a pump 
swash plate 10 abutting at the front face against the 
outer ends of the pump plungers 9, 9 - . The pump swash 
plate 10 is rotatably supported at its back surface on an 
inner end wall of the input member 5 through an angu 
lar contact bearing 12 and a radial ball bearing 13 in an 
attitude inclined about a phantom trunnion axis 01 per 
pendicularly to the axis of the pump cylinder 7 and at a 
given angle with respect to the axis of the pump cylin 
der 7. The angular contact bearing 12 is constructed to 
impart a centering operation to the pump swash plate 
10. 
The pump swash plate 10 reciprocates the pump 

plungers 9, 9 - during the rotation of the input member 
5 to repeat suction and discharge strokes. 
On the other hand, the hydraulic motor M ha a 

motor cylinder 17 disposed coaxially with the pump 
cylinder 7 on the left side thereof, motor plungers 19, 19 
- each slidably ?tted in each of an odd number of annu 
larly arranged cylinder bores 18, 18 - provided in the 
motor cylinder 17 around the axis of rotation thereof, a 
motor swash plate 20 abutting against the outer ends of 
the motor plungers 19, 19 - , a motor swash plate holder 
22 for supporting the motor swash plate 20 through the 
angular contact bearing 14 and the radial ball bearing 
15, and a swash plate anchor 23 for supporting the back 
surface of the swash plate holder 22. 
The hydraulic motor M is so formed that the cylinder 

bores 18 and the motor plungers 19 are larger in their 
diameters than are the cylinders 8 and the plungers 9 of 
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4 
the hydraulic pump P so that the maximum volume of 
the motor M is larger than that of the hydraulic pump P. 
As shown in FIG. 4, the opposing surfaces f1 and f; of 

the motor swash plate holder 22 and the motor swash 
plate anchor 23 for abutting against each other are each 
formed with spherical surfaces in which the crossing 
point of the axis of the motor cylinder 17 and the trun 
nion axis 01 is as a center. 
The motor swash plate holder 22 is integrally consti 

tuted of a pair of hemispherical trunnion shafts 22a and 
22a disposed on the trunnion axis 02 perpendicular to 
the axis of rotation of the motor cylinder 17 at both ends 
thereof, which are rotatably ?tted in a pair of hemi 
spherical recesses 23a and 230 formed at both ends of 
the motor swash plate anchor 23. 

Referring back to FIGS. 2 and 3, the angular contact 
bearing 14 is constructed to impart a centering opera 
tion to the motor swash plate 20 in cooperation with the 
motor swash plate holder 22. 
The motor swash plate anchor 23 is ?tted over the 

left side wall of the crank case 4 together with a cylin 
drical cylinder holder 24 connected to the right end 
thereof with a bolt 21 (See FIG. 1). The cylinder holder 
24 rotatably supports the outer periphery of the motor 
cylinder 17 through a ball bearing 26. 
The motor swash plate 20 is moved by the rotation of 

the motor swash plate holder 22 between an upright 
position perpendicular to the axis of the motor cylinder 
17 and a maximum inclined position inclined at a certain 
angle, and in the inclined state reciprocates the motor 
plungers 19, 19 - upon rotation of the motor cylinder 17 
to repeat expansion and retraction strokes of the motor 
plungers 19. 
An operating arm 25 extending in a direction perpen 

dicular to the trunnion axis 02 integrally projects from 
one side of the motor swash plate holder 22, and a trans 
mission controller 27 for controlling the inclined angle 
of the motor swash plate 20 is connected to the operat 
ing arm 25. The transmission controller 27 will be de 
scribed below. 
The pump cylinder 7 and the motor cylinder 17 com 

pose an integral cylinder block B to be integrally cou 
pled, and an output shaft 31 centrally penetrates 
through the cylinder block B.' The outer end of the 
motor cylinder 17 is mated against a ?ange 31a inte 
grally formed around the outer periphery of the output 
shaft 31, the pump cylinder 7 is mated against a stopper 
ring 28 ?tted over the outer periphery of the output 
shaft 31, and the cylinder block B (the pump cylinder 7 
in the embodiment as shown) is spline-?tted over the 
output shaft 31. Thus, it is ensured that the cylinder 
block B is secured to the output shaft 31. 
The right end of the output shaft 31 also penetrates 

through the pump swash plate 10 to extend out of the 
input member 5 and rotatably supports the input mem 
ber 5 through the angular contact bearing 29 out of the 
pump swash plate 10. 
The left end of the output shaft 31 extends to pene 

trate through the motor swash plate 20, the motor 
swash plate holder 22 and the motor swash plate anchor 
23, and rotatably supports the motor swash plate anchor 
23 through the angular contact bearing 30. 
As described above, the continuously variable trans 

mission T is arranged in one assembly from the input 
member 5 to the output shaft 31 with the input member 
5 spline ?tted at the right end thereof as seen in FIG. 2 
with the output member of the primary torque damper 
D1 and with the output shaft 31 spline ?tted also at the 
















